Silicon (Si), the second most abundant element in the earth's crust, is an 2 important mineral for living organisms; it acts as a component of the outer skeleton of 3 diatomaceous protozoans (1), as a trace element to help animal bone and teeth 4 development (5) and as an element in plants that enhances their tissue strength and 5 disease resistance (7, 8) . These organisms take up silicate from the environment and 6 accumulate it as silica that is formed from highly concentrated silicate (27) . In 1980, spores from sticking to each other (17). Thus, if silica is normally absent from spores, 1 its presence in B. anthracis spores suggested that they had been weaponized (17).
2 Subsequent analysis convinced the investigators that the Si was a natural occurrence (3). 3 However, since silica-rich and -poor spores of the same bacterial strain have never been 4 compared, any relationship between naturally accumulated silica and spore dispersion 5 remained hypothetical. 6 In the present study, we screened for a bacterium that takes up the highest 7 amount of silicate from among a number of strains isolated from paddy field soil, in 8 order to study Si uptake, to clarify the localization of Si, and to reveal the roles of Si in 9 bacteria. The effect of silica on spore dispersion was also discussed. 
MATERIALS AND METHODS

12
Screening of bacteria that take up silicate. Half of a gram of soil that was collected in 13 a paddy field (Higashi-Hiroshima, Japan) was suspended in 10 ml of sterilized water 14 and mixed well. After serial dilution, the suspensions were spread on an mR2A agar 15 medium (an R2A agar medium (21) To analyze the silicate uptake along with the cell growth, silicate concentration 8 and cellular morphology of the YH64 strain were monitored during incubation on the 9 mR2A medium containing 100 µg/ml silicate ( Fig. 2A ). After the late logarithmic 10 growth phase (20-40 h), the silicate concentration in the medium decreased drastically.
11
The silicate concentration dropped to ~0.05 µg/ml after 40 h, followed by a slight 12 increase, indicating that a portion of the incorporated silicate was released ( Fig. 2A ). Electron microscopic analysis of the spores. We prepared YH64 spores from the 11 culture using mR2A with or without silicate, and then analyzed them by SEM-EDX.
12
The EDX signal of Si was not observed in the YH64 spores harvested from the culture 13 without silicate; these spores contained almost no or a very low amount of silicate (Fig. 14 2D), and were denoted as low-Si spores. On the other hand, the Si signal was clearly 15 observed in spores from the culture with silicate ( Fig. 2D ), and these spores were in the mother cell and then accumulated in the spore during maturation. increased as compared to that of the low-Si spores (Fig. 4A to E) . The viability of 2 high-Si spores treated with a different acid solution (0.1 N HNO 3 ) was also higher than 3 that of low-Si spores (Fig. 4F) , indicating that the Si layer confers general acid 4 resistance.
5
Next, we examined the acid resistance of another isolated strain, YH221, whose 6 16S rDNA sequence shared 99% identity with that of B. shandongensis (Fig. 1 ). YH221 7 took up one-seventh of the silicate compared to YH64 (Fig. 5) . Surprisingly, high-Si 8 YH221 spores had 1,000 times the survival rate of the low-Si spores after a 3-h 9 incubation in 0.2 N HCl (Fig. 6A) HF-treated high Si-and low-Si spores (Fig. 7) . After HF treatment, the viability of the 5 high-Si spores was no longer higher than that of the low-Si spores. These results 6 indicated that the Si layer mainly contains silica and supports acid resistance.
7
Si is naturally available in soil and water. The silicate concentration in soil ranges 8 from 0.1 to 0.6 mM (9.6 to 57.7 µg/ml) (7). Therefore, the acid resistance conferred by be coated with unusual silica, it was discussed whether the silica was related to spore 14 dispersion. We concluded that Si-encapsulation is not sufficient to make spores 15 dispersible but does contribute to survival under acidic conditions. Our findings also 
